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The anatomical and functional interdependence of the heart and lungs is one of the basic notions in medical studies; acute cardiogenic pulmonary edema or pulmonary embolism or "cardiac asthma" are clinical conditions which emphasise the heart-lung interaction. Quite often, however, organ specialists fail to bear this in mind in their daily routine practice, particularly when dealing with chronic patients.
Chronic obstructive pulmonary disease (COPD) and cardiovascular disorders (CVD) are among the most widespread medical conditions, from an epidemiological point of view: in the USA in 2003, 71.3 million Americans had some form of cardiovascular disease (about 25% of residents) and about 1 million deaths were due to a CVD, mainly coronary artery disorders (53%) and stroke (17%) [1] . According to Mannino DM et al. , the prevalence of COPD in the adult U.S. population is 14%, based on a spirometric inclusion criterion of FEV 1 /FVC < 0.7 [2] . COPD and CVD could easily co-exist in the same individual simply as a matter of probabilistic chance; however, it is well known that lung and heart diseases have a close reciprocal influence. Nevertheless, pulmonologists and cardiologists often focus on their own field of specialisation when treating patients, concentrating on the disease rather than on the patient. This may be due to hyperspecialistic post-graduate education (at least in Italy), lack of time and resources, inadequate organization of diagnostic and management procedures, and/ or criteria for scientific research that tends to focus on a single variable at a time, eliminating all interfering factors. In the scientific literature, only a limited number of papers have considered in some way the association of COPD and CVD: a gross search in Medline [3] found 31,560 citations for the term COPD, 1,424,172 citations for the term "cardiovascular disorders" and 3,817 references for the combination of the two terms. Despite an increasing level of interest, literature on "cardiovascular disorders and COPD" in the latest 12 months (197 papers) has not increased in proportion to articles on COPD (2, 231) or cardiovascular disorders (47,072).
In addition approximately one out of every four published articles is a review or an editorial article (this paper making no exception). In addition, many studies on treatments exclude the main comorbidities as interfering variables. It is therefore Despite such a frequent association, pulmonologists and cardiologists in both the clinical and the research settings often underestimate the importance of a correct diagnosis and severity stratification of the two combined conditions. Spirometry, in particular, is largely underprescribed. Missed diagnosis and severity stratification, incomplete knowledge of adverse drug events and lack of resources lead to undertreatment of patients combining COPD and CVD, and in particular, the underuse of beta-blockers, inhaled bronchodilators and rehabilitation. Clinical studies focusing on this group of patients should be promoted in the future to test therapies and manage options. Furthermore, efforts must be made to improve the present standards of care, which falls short of recommended levels, starting from the often-neglected use of spirometry to confirm a diagnosis of COPD. Monaldi Arch Chest Dis 2008; 69: 1, 11-17.
very difficult to find published evidence-based data on how to treat chronic patients with different disorders in real life. The intention of the present article is not to review the pathophysiology of lung-heart interaction but to focus the attention of clinicians on the discrepancies between the extent of the problem and the present inadequate standards of care.
A Pulmonologist's point of view
In Italy, COPD affects about 4.5% of the general population [4] . Cardiovascular complications (i.e. secondary disorders directly dependent on the basic disease from a pathogenetic point of view) of COPD are well known, in particular pulmonary hypertension and cor pulmonale due to chronic hypoxia. Right heart failure is a strong risk factor for death in COPD [5] . The only effective treatment at present of cor pulmonale due to obstructive lung disorders is long-term oxygen therapy, an option Cardiologists generally associate with Respiratory Medicine and thus infrequently prescribe. In a recent Italian paper on a cohort of moderate to severe COPD patients admitted to Pulmonary departments for an exacerbation of disease, 51% of subjects had chronic respiratory failure and were therefore at risk of cor pulmonale; all were discharged on long-term oxygen therapy [6] . Among comorbidities, 37% had hypertension and 22% coronary heart disease. The average number of comorbidities was 1.1 per patient [6] .
Other CVD such as coronary artery disease, hypertension, stroke, and left heart failure should be considered as co-morbidities (a medical condition existing simultaneously with but independently of another condition in patients) [7] unless a direct and strong etiopathogenetic link is found with COPD. According to different patient series, approximately 10% to 40% of COPD patients have signs of left ventricular dysfunction and a large percentage of COPD patients die of a cardiovascular cause. Review data from the literature demonstrate that the main causes of death in mild to moderate COPD patients are lung cancer and cardiovascular disease, while moderate to very severe COPD patients (FEV 1 < 60%) die primarily of respiratory failure [5] .
Cardiovascular causes are also a major cause of hospitalisation of COPD patients: according to the Lung Health Study, 42% of first and 44% of second hospitalisations were due to CVD in patients with mild-moderate COPD, respiratory causes accounting for only 14% of admissions [8] .
It has been repeatedly demonstrated that poor lung function per se, independent of age, gender and smoking, is associated with an increased cardiovascular risk [5] . A meta-analysis including > 80,000 patients revealed that subjects with the lowest lung function quintile have almost doubled the risk of cardiovascular mortality (RR 1.77) in comparison with patients in the highest lung function quintile [9] .
How do Pulmonologists consider the treatment of COPD patients with concomitant CVD?
Severe patients with chronic respiratory failure and right heart failure receive, in general, longterm oxygen therapy as recommended, at least in Italy. With regard to other standard treatments, there are data in the literature reporting large discrepancies between an ideal approach as set forth in the guidelines and current management of COPD: overprescription of inhaled corticosteroids, underprescription of long-acting bronchodilators, minimal consideration of education/ self-management and pulmonary rehabilitation in treatment plans [10] . Specific investigations on COPD patients with CVD are very limited. In a cohort of 1,529 patients with left ventricular dysfunction, inhaled short-acting β2-agonists put patients at risk of increased mortality or heart failure exacerbations [11] . A recent meta-analysis concluded that β2-agonists in asthma and COPD increase the risk of adverse cardiovascular events, such as precipitation of ischemia, congestive heart failure, arrhythmias and sudden death, one of the mechanisms being related mainly to an increase in heart rate and hypokaliemia [12] .
With regard to cardiologic treatments, β-blockers are frequently underprescribed due to the concern about inducing bronchoconstriction. It is true that this can occur in asthmatic subjects or COPD patients with large airflow variability, but a recent meta-analysis demonstrated that cardioselective β-blockers can be safe in COPD patients, with no or very limited long-term effects on pulmonary function [13] .
A Cardiologist's point of view
In the IN-CHF (Italian Network -Chronic Heart Failure) registry, the prevalence of COPD (clinical diagnosis) among 8,627 patients followed up for 12 months was 13.3%. Compared with CHF patients without COPD, respiratory patients had a statistically significant worse trend in different outcomes (total mortality, p = 0.007, cardiovascular mortality p = 0.012, total hospitalizations p = 0.0019, total + in-hospital mortality p = 0.0001). One possible explanation is the undertreatment of CHF patients with COPD with β-blockers (9.2 versus 20.1%), despite the current availability of cardioselective drugs (such as atenolol, metoprolol, bisoprolol and acebutolol), which have minimal impact on respiratory function [14] .
According to the international literature, the prevalence of COPD in patients with CHF varies from 10% to 32%, and in patients with a previous diagnosis of COPD, CHF is often overlooked as a cause of dyspnea and echocardiography is not performed [15] . In fact, the risk ratio of developing CHF in COPD patients is 4.5 as compared with age-matched non-COPD controls, after adjustments for cardiovascular risk factors [15] .
Interestingly, COPD patients have an increased risk of cardiovascular morbidity and mortality that is not influenced by common risk factors such as tobacco smoking. A reduction in FEV 1 (forced expiratory volume in 1 sec.) is as strong a predictor of cardiovascular mortality as a specific marker like increased serum cholesterol [15] . For each 10% reduction in FEV 1 cardiovascular mortality increases by 28% [8] .
In a large cohort of 4,284 patients admitted to hospital for coronary heart disease, mortality rates at 3-year follow up were far higher in cases of a concomitant diagnosis of COPD (21%) than in subjects without COPD (9%) [16] . These data together with several other studies in the literature contribute to defining COPD as a powerful independent risk factor for cardiovascular morbidity and mortality [17] .
Cardiologists are particularly wary of β2-agonists, given their potential to cause arrhythmias and to precipitate pump failure or ischemia, with a risk of sudden death [12] . The same is true for theophylline, which, given its narrow therapeutic range, is at present considered a second option to an inhaled bronchodilator [18] . On the other hand, bronchodilation may have positive effects on cardiovascular function by alleviating dynamic hyperinflation, which reduces intrathoracic pressure, thus improving venous return and cardiac output. Reduction of lung hyperinflation also unloads the ventilatory muscles and lessens the effort of breathing, in particular during exercise. A safe alternative to β2-agonists is represented by anticholinergics. The only long-acting anticholinergic available at the moment, tiotropium, has been shown to improve cardiac and pulmonary function during exercise in COPD [19] . Safety data of tiotropium in the long term has not demonstrated significant cardiac adverse events [20] . Further studies are needed to evaluate bronchodilator therapies in populations with concomitant COPD and CVD.
With reference to the use of β-blockers, there is evidence that when cardiologic patients have a diagnostic label of COPD they are often denied the prognostic benefit of these agents. In a recent study by Egred M et al. on subjects with acute coronary syndrome, 46% of patients did not receive β-blockers, 33% of them because of a COPD label. Interestingly, however, only 62% had their diagnosis confirmed with pulmonary function tests or reviewed by a chest physician. COPD patients receiving β-blockers represented only 16% of all subjects with COPD [21] .
It is basic evidence that medications currently associated with cardiovascular risk reduction (statins, angiotensin-converting enzyme (ACE) inhibitors or angiotensin receptor blockers (ARBs)) show the potential to attenuate different forms of lung injury. With this as their starting point, Mancini et al. in a recent retrospective study used large databases to evaluate whether patients with concomitant COPD could also benefit from these drugs. The combination of statins and either ACE inhibitors or ARBs, in particular, reduced both CVD and pulmonary outcomes, specifically COPD hospitalisations and total mortality, thus prompting the need to confirm these findings in randomised clinical trials [22] .
Is there a common etiopathogenetic link?
COPD and CVD share the two greatest risk factors in modern western culture: advanced age and tobacco smoking. There is also evidence that environmental pollution may have important respiratory and cardiovascular effects. Acute exposure to high levels of particulate air pollution induces an oxidative stress at the pulmonary level, which causes systemic inflammation and disrupts the hemostatic-fibrinolitic balance. Soon after exposure, the risk of acute cardiovascular events increases and lasts for days. Similarly, chronic exposure to air pollution is associated with a long-term risk of adverse cardiovascular outcomes [23] .
The main mechanism by which smoking acts in non-neoplastic disorders is mediated by inflammation. Smoking is able to induce systemic activation of the inflammatory cascade but only genetically susceptible subjects are considered to develop disease. After smoking cessation, inflammation may improve, but in many cases inflammation becomes self-perpetuating [24] .
COPD includes inflammation in its definition [18] . In addition, atherosclerosis is now considered to have an important chronic inflammatory component [25, 26] . C-reactive protein (CRP), a common marker of systemic inflammation now considered a major risk indicator for cardiovascular disease, has been found to be higher even in stable COPD and could contribute to the progression of atherosclerosis [17] . There is also data regarding the possible role of acute lung inflammation in inducing acute cardiac events by acting on the coagulation cascade through an elevation of plasma fibrinogen and serum IL-6 levels (such as in COPD exacerbations) [27] or by acting on the atheromatous plaques through production of proinflammatory acutephase proteins and stimulation of the bone marrow (such as in subjects exposed to air pollutants) [28] . Recent studies have found some evidence of a role of a lung pathogen, Chlamydia Pneumoniae, in atherosclerosis, but the clinical relevance of these data in risk stratification, prevention, and (antibiotic) therapy of atherosclerosis is still doubtful [29] . Not only smoking or COPD or lung injury in general are associated with cardiac adverse events; there are other disorders inducing systemic inflammation that have no risk factors in common (such as rheumatoid arthritis or other collagen vascular disease in non-smokers).Therefore, inflammation is probably the common final pathway of different conditions associated with CVD [5] .
Despite potential links based on common risk factors and derived biological data, mortality trends would seem to speak against a correlation between COPD and CVD: age-adjusted death rates in the USA in the period 1965-1998 saw a decrease of 59% for coronary heart disease, 64% for stroke, and 35% for other CVD, as opposed to an increase of COPD mortality of 163% in the same period. In the period 1990-2020, CVD mortality is expected to remain stable at 1 st (ischemic heart disease) and 2 nd (cerebrovascular disease) place, while COPD mortality will rise from 6 th to 3 rd place [30] . Obviously, not only common etiopathogenetic factors may influence these reciprocal trends but also social and medical aspects, as well as criteria for administrative registration of the causes of death. Nevertheless, such a large increase in COPD mortality should probably have a direct relationship with CVD mortality if the two conditions are indeed closely linked.
If a close "inflammatory" link between CVD and COPD does exist, we can expect substantial benefits from treatments targeting inflammation. Different cardiovascular drugs originally acting on non-inflammatory mechanisms have shown benefits to both CVD and COPD, such as in the abovementioned case of statins, with a probable effect on the inflammation in the atheromatous plaque and in the lungs [22] .
Among the reference anti-inflammatory drugs, inhaled corticosteroids are recommended in moderate to severe cases of COPD (FEV 1 < 50%) with repeated exacerbations [18] , but such a therapy is largely overprescribed outside guidelines indications [10] . A re-analysis of pooled data from different papers demonstrated that inhaled corticosteroids reduce all cause mortality [18] . A recent paper highlighted a remarkable reduction in cardiovascular deaths in COPD subjects receiving inhaled steroids or a combination of inhaled steroids and bronchodilators as compared to bronchodilators alone, but the analysis was performed on retrospective data [31] . A rigorous prospective study has been published recently in which no significant effect of inhaled corticosteroids was found on cardiovascular mortality in COPD, at the same time confirming a positive effect on COPD exacerbations and health status [32] . These data do not seem to confirm systemic inflammation as a link between COPD and CVD, but we are all aware that the problem is probably related to our limited knowledge of the different inflammation phenotypes. A significant example is represented by the different patterns of inflammation in the bronchial mucosa of patients with asthma (mucosal infiltration by eosinophils and CD4 lymphocyte, good response to corticosteroids) and COPD (prevalence of mononuclear cells and CD8 lymphocytes in the bronchial mucosa, neutrophils in the lumen, bad responsiveness to corticosteroids) [18] .
How to improve standards of care for patients with coexisting COPD and CVD?
Diagnostic standards
An elderly patient, current or former smoker, seeking medical advice for progressing exercise dyspnea is a common presentation in hospitals and medical offices. It is theoretically correct to proceed with a differential diagnosis between COPD and heart failure and a severity stratification but how consistently are a co-existence and reciprocal interference of the two conditions taken into account? In many cases, it is not so much a question of whether it is COPD or heart failure, but to what extent COPD and heart failure impact the global health status assessment. This is not a naïve question, because treatment strategies require an accurate evaluation of risk and benefits of the different therapies and each intervention must be proportionate to the severity of each condition in the context of a global evaluation of co-morbidities [33] .
COPD is often misdiagnosed, mainly because spirometry is underutilised, even by pulmonologists themselves [34] . In the face of persisting dyspnea despite optimised cardiological treatment, Cardiologists infrequently refer patients to a pulmonary function laboratory for a spirometry. For their part, Pulmonologists are mindful of right heart failure, but frequently neglect left heart disorders and underuse β-blockers.
An interesting retrospective study by M. Damarla et al. demonstrated that standards in the diagnosis of COPD or CHF at a Centre in Boston differed widely: only 30% of the patients with a first diagnosis of COPD had had a spirometry performed within the previous 7 years compared with 78% of patients with a first diagnosis of CHF who had had a 2D-echocardiography performed in the same period. Among patients with both diagnosis of COPD and CHF, 48% underwent 2D-echocardiography only, 2% spirometry only, 34% had both tests, while 16% underwent neither test [35] .
Although the best diagnostic strategy has yet to be identified, standards will improve only if the knowledge of epidemiological data, common risk factors and respective treatment option force clinicians to consider COPD in any CVD patient and vice versa. From a practical point of view, a detailed case history and physical examination may help considerably, despite the fact that several findings can be present in both COPD and left ventricular dysfunction and that the two conditions may reciprocally influence the performance and interpretation of instrumental evaluations [33] . Prescription of 2D-echocardiography and spirometry should nevertheless be optimised.
A cardiopulmonary exercise test is an important tool in the global functional evaluation of the patient in order to stratify morbidity and mortality risks (e.g. in the decisional process for long-term medical treatment or thoracic surgery and transplantation) and to plan rehabilitation programmes. According to recent evidence, levels and changes in partial pressures of mixed-expired CO 2 , endtidal CO 2 , and their ratios during cardiopulmonary exercise testing are distinctive of COPD, left ventricular failure, and pulmonary vascular diseases and are explained by the differing pathophysiologies of V/Q mismatching in these disorders [36] . As a second option, where facilities for cardiopulmonary exercise test are not available, exercise field tests (6-minute walk test and shuttle test) are an appropriate, simple tool to evaluate disability and obtain outcome measures for rehabilitation programmes [38] .
In our integrated unit of Cardiology and Pulmonology we have been able to develop over time a more consistent diagnostic approach to cardiorespiratory patients. Our working protocols, for example, require that all smokers with CVD undergo spirometry with bronchodilator test, that all COPD patients with borderline respiratory failure undergo 2D echocardiography to exclude pulmonary hypertension, and that all patients with moderate to severe left heart failure are studied for nocturnal sleep disturbances. Furthermore, close follow up of severe left heart failure may include evaluation of lung diffusing capacity as an index of early decompensation. A further benefit is that we feel more at ease when prescribing pharmacologic treatments (e.g. bronchodilators in CVD patients or β-blockers in COPD patients, or oxygen in severe heart failure) and non pharmacologic therapies, such as rehabilitation and mechanical ventilation, for severe patients with both COPD and heart failure.
Treatment standards
Removal of risk factors, and specifically tobacco smoking, is the first common task of cardiologists and pulmonologists: smoking cessation is the most cost-effective intervention for both COPD and CVD but it is often neglected in clinical practice [18, 38] . A strong positive message to smokers can be represented by the rapid decline in the risk of acute cardiovascular events after quitting smoking.
Prescribing β-blockers to COPD patients or bronchodilators to CVD patients should never be excluded a priori, as often happens now, but a correct diagnosis and accurate cost-benefit analysis in the clinical setting are mandatory. Patients who have never experienced wheezing episodes are much more likely to tolerate and benefit from cardioselective β-blockers. Inhaled bronchodilators are recommended in symptomatic COPD at any stage; long-acting bronchodilators are more effective and convenient than short-acting agents in regular treatments [18] . Whenever a risk of cardiac adverse events is present, anticholinergic agents should be preferred due to their safety profile [12, 20] . The combination of bronchodilators with different mechanisms and duration of action may increase the degree of bronchodilation as compared to the individual classes of agents and reduce the risk of side effects [18] . Therefore, for patients already on treatment with β2-agonists who may need an increase in their bronchodilator therapy to control dyspnea, the addition of an anticholinergic may be a preferable option.
Oxygen is recommended in cases of chronic respiratory failure with persistent hypoxaemia at rest (PaO 2 < 55 mmHg or < 60 mmHg in presence of cor pulmonale or policytemia), but patients with COPD and heart failure may often experience isolated nocturnal hypoxaemia. Research is needed to evaluate whether nocturnal oxygen therapy may be of benefit to these patients (e.g. in terms of mortality reduction, improvement of disability and quality of life).
Pulmonary rehabilitation should be prescribed to all symptomatic COPD patients willing to participate [18] ; cardiac rehabilitation plays an important role in chronic or post-acute heart disorders but only a minority of COPD or CVD patients have access to rehabilitation programmes [6, 38] . Respiratory and cardiac rehabilitation share several features, in particular exercise training as the central component and improvement of health status as the main outcome.
The most evident deficiencies in the standards of care for COPD patients are summarised in table 1.
In conclusion, although several guidelines on COPD have been produced in the last few years, the problem of concomitant COPD and CVD has been only marginally addressed. As the two conditions are frequently associated, this has had important consequences on the management of patients. Although the etiopathogenetic mechanisms that might link COPD and CVD are still poorly understood, the question of their association is critical to daily clinical practice. Therefore, clinical studies should be promoted by pulmonologists, cardiologists and general practitioners working together to test diagnostic and management protocols specifically focusing on this group of patients. Secondly, committed effort and resources are needed to improve the present standards of care, which fall short of those recommended, starting with the very basic use of spirometry in the diagnosis of COPD.
